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MULTIJAYER SCREEN AND DOWNHOLE 
COMPLETION METHOD 



Field of the Invention 

[0001] The field of this invention relates to downhole screens, which can be 
expanded into contact with the formation. 
Background of the Invention 

[0002] Downhole screens are used in a variety of different applications. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
gravel. Various fabrication techniques have been developed for manufacturing such 
screens and a typical example is illustrated in US Patent 5,611,399. 
[0003] More recently it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the formation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along the screen, which, in 
torn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent 16,012,522. In mis patent, overlapping segments of screen are 
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pl aced on a base pipe, whfch fs ummatoly ^ - — ^ ^ * 

poafcon ^Ita..— * *— « ° f ^ t— 18 " 
porfons of.be filtering — * moved rotative to each other whi* subjects 

to taring whhm in torn can resuh in a failure of the expsuded scresn assembty 

J Another shortcoming of such designs is the limited 

to control the production of sand. Another snoncuiuun, 

capacity to withstand collapse. 

[0004] Otirer paten* rotating to pipe expansions are: US. Fats* 5.90L789 and 
5,366,012. 

,00^ The main objective of tire present invention is to allow easy insfcltation of me 
M to tire desheddocotion followed by expansion to rcdnco the volume of me 
a^utar spaco aronnd rhe screen. Yet another object of me invention is to expand the 



screen against me tormauon w «uu»jr — 

another objective of the present invention is to How tire nse of the son**, of me 
3^ downhole evcwrmont expansion. Another objective of me present invention 
k to decrease the amount of stiess on the filtration member whan expanded. Yet 
anomer objective of .the present invention is ,0 provide a sfgnfficanuy stronger 
a^ for the finished product, which even after expansion presents a greater 
^stance to collapse. Another object of the dnvesrtion is to provide, * mod. as 
p^aible, uniformity in the opening size of tire filtration layer after me:assembly is 
Anomer objective is to provide sufficient stiengttr in the assembly, after 
expanriontoaftowittobettnrtesistdifterential.pressnres. Stifl another objective is to 
^ tire effort required tor expanafon and to stage tire overall expansion fn discrete 
steps. These and other advantages of the present invention will be appreciated by 
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those skilled in the art from a review of the description of the preferred embodiment, 
which appears below, 1 

[0006] A downhole completion method and an expandable filtration apparatus ate 
disclosed. The filter assembly comprises a plurality of layers beginning with a coated 
perforated base pipe; The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow through the filtration layer and protects it from burrs in the base 
pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 
protects the assembly during run in. The assembly can be used as made or expanded 
downhole in one or a series of expansions. i 
BRIEF DESCRIPTION OF THE DRAWINGS 

[00071 Fig. 1 is cutaway view, partly in section; showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2_2 of Fig. 1. 

[0009] Fig. 3 is a section view of a first step in a multi step expansion! of the filter 
assembly. j 

[0010] Fig. 4 is a section view of a second step, in a multi step expansion of the filter 
assembly • 

[0011] Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of: the present 
invention. 
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,,012, Referring «o Fig. 1, foe wious 1— 4 ~ 8h °' m - 

Tne innermost layer Ik a ported base pipe 10, which has a pluralHy.of opening* 
U. Base pip, 10 provides a to foundation for foe foyers above. The patten of the 
tol es 12 is opting to strike foe best tahmee brfweeo coltapse resistance after 
^oo and toinirnizution of foe force required to expard this ..yer and those 
positioned oufcide it, as will be described below. TMs optirnfcrfon Hows expansions 
in ft. rar*e of up to about 30%. The base pipe 10 can have foreads 14 and 16 at 
opposite ends to allow, sections of the filter assonbly A to be secured togefoer, giving 
greater torsion and tension strength for the . filter assembly A. A coating IS made 
preferably from a plastic mtferial can be applied to the inside of foe base pip. 10. The 
Witfcd Corp. rrnmofectures the coating under the name Xylan 1052.Ultimately, 
when an expander 10 (see Fig. 1) is mov«l through base pipe 10, the coating 18 will 
reduce the required expansion force. The greater collapse resistance of foe base pipe 
10 promotes borehole stability after expansion. The optimization of foe openings 12 
promotes the highest expansion rate for a given material for base pipe 10 while still 
leaving sufficient inflow area through foe pipe openings or perforations 12. Using 
round, rounded, or oval opening instead of slots provides for a mechanically stionger 
filter assembly A. In the preferred eofoodirnent, foe coating 18 is Xylan and it «u> 

ooating 18 also helps resistance to gdlfog by foe expander 20 or a subsequent 
expander such as 22 (see Fig. 4). 

10013] Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe 10. and filtration layer 26. The drainage layer 24 promotes flow 



4 



WO 02/23009 



PCTAJS01/27581 



^een the filtiauou .ayer 26 and to openings 12 of to base pipe 10. I. to 
p.efered embodiment to dmfcage *- « sdected o» abroad array 

of metal , A MM weave design is correnuy atthough otor weave 

paten* cunbe used. The prefcrred Serial is available fiom Jersey Hose as _ 6» 304 
SS Braid 600 304B. The drainage layer 24 proteote to filtintion lay* 26 from burrs 
or puckers around to edges of openings 12. In to even, of high differentia, pressures 
uue to production, to pmsenc. of to dratoge layer 24 provides structeral support 
fOT are filiation layer 26. The braided wire drainage layer 24 eould be substituted 
' wrth a sbroud of some type, aMn to outer shroud 34, to. would nave stendoff from 
the base pipe 10, 

100141 Mounted overto drainage layer 24 is to filtration layer 26. Tne filtration 
.ayer 26 has uniform openings. The preferred material is a special We of Twill Duteh 
weave. This material gives ve^ reliable uniformity to to opening size, after 
e^on. m mis manner tore can be confidence in to particle size, which will no, 
pussffltentionUyer^wltogivinggreaterpro^^ 

of mo many particle,. As shown in Fig. 1, to filtration layer 2* is oriarted a, an 
angle . to longitudinal ads of to filter ass«nbly A. This angle can be in to range 
of about 10 to about 80 degrees with anon, 20 degrees being prefers.. Orienting to 
filtering layer 26 at in angle allows nrinhnization of change in opening size and 
unuormfty, resulting,*™ expansion. The Duteh Twill wc*ve prtMdes greater 
M0* and petiole holding capacity. Negative e&cte on hole size and unifcrmrty 
aa a result of expansion are further minimized by using a rmrers. weave .Twill Dumb 
partem. A reverse weave is one where to dianeter of to weft (shnte) wires 28 is 
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Urger Hum the w*p «h» 30 by . mob • M 50 p—t «» mtoatiOT of 916 
angular placement of .the Station layer 26 by a spiral wilding teehnique coaled 
with . reverse weave yields a more predictable and uniform opening si*e after 
expansion. 

[0015] Mounted over.the filtration layer 26 is the filtration enhancement layer 32. 
This layer promotes greater flow conductivity from the outermost layer, me outer 
shroud 34. Layer 32 acts as a coarse filter to layer 26 and prolongs the life of filtration 
layer 26. This can be seen in the graph of Fig. .5, where the addition of the filtration 
enhancement layer is curve 36. The same filte, assembly A of the present invention 
but without the filtration enhancement layer 32 is illustrated by curve 38. Curve 40 
represents the performance of a known product made by Baker Hughes called 
Excluder. Fig. 5 readily demonstrates that the addition of the filtration enhancement 
layer 32 nearly triples the time it takes to build up a backpressure of 40 PSIG for the 
same flow conditions: Leaving out the filtration enhancement layer 32 also makes 
that version of the present invention perform somewhat comparably to the known 
Excluder design. Several different weave types are suitable for layer 32 such as: 
square weave, Compound Balanced, Tight Tuck, and Braided Weave.- A suitable 
Compound Balanced .material is available from Porous Met) 



Products, 



CB_3_96_192_21/24.: A metallic material is preferred. 

[0016] The outer shroud 34 is preferably formed from spirally winding , a perforated 
sheet into a tube. The hole size and pattern is optimized to facilitate expansion and yet 
provide sufficient collapse resistance in the expanded state. It is desired to have the 
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^ered pa.cn so that the outer shroud will tot buckle o r tear, when expanded. *» 
prtoar, purpose of me outer sbroud 34 is to protect the layer below tan damage 
during run in. 

,0017! The toyers can be joined together by swaging to teduee the outside diameter 
of ft. fifter assembly A. Swaging alao makes me various layers act as one wHh reg«d 
to expansion and provides greater snength agans. collapse after expansion I« » 
pcrferred to anneal me components individudly before swaging or to annea! the 
Bonbon assembiy A. after all the conrponen* have been assembled. Doing this 
ponnfts a greater de^ee of expansion without Mum. This benefit is partly 
appUcable to ft. base pipe ,0. The type of anneaftng envisioned is solution annealing 
to 1800 degrees F. Annealing of me baa. pipe 10 is done before applying Ore eoabng 
lg due to the inability of the coating 18 to withstood me annexing temperatures. 
Sintering con be used, instead of swaging to join tire layers together. The layers are 
p.efemh.y assembled in tire foUowing manner,me braid*, wire of suitable drainage 
,ayer 24 is placed on the base pipe 10 which has previously been drilled with holes, 
coated and thmaded. Then, the filtration layer 26 is wrapped at an angle over the top 
of the drainage layer 24. Another layer, called the filbation edmncement layer 32 is 
pta eed over the top of tire fixation layer 26. Then, an outer shroud 34 is ptaced over 
Station enhancement layer 32 and tire to*, parage is run through a set of die, 
thrtawageaorforcesanoconpcmentatevigorouslyoontact^ ' 
10018] Tbe filter assembly Ahaa the adv^of superior perf^ecwhetber it is 
o^ed downhole or not. If it is no. expanded, it can be gravel packed m the known 
M Fig , 3 and 4 ulustiate a unique stepwise expansion technique. In a first 
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step, an expander 20 which may be a fixed cone or a cone with variable diameter is 
m0 ved downwardly mrou^ the filter assembly A to achieve about a 1 5% expansion. 
At the lower end of the filter assembly A a cone latch 42 engages a fixed or variable 
diameter expander or cone 22 to increase the overall expansion to as much as 50%. 
As previously stated.more expansion steps can be used and different degrees of 
step.wise expansion and overall expansion can be obtained with this technique. It 
should be noted mat the second expansion does not necessarily have to proceed in a 
direction opposite the first expansion. 

[00191 There are many applications of the filter assembly of the present invention. In 
horizontal open hole completions there are usually more than 1,000 feet of contact 
with the productive formation, sometimes in excess of 9,000'. Because there is so 
much contact the amount of production per foot is very low. In most cases if the 
theoretical production per foot was traveling into a screen directly opposite of the 
formation then the velocity would be too low to transport sand fiom unconsolidated 
formations or cause erosion. There are many wells in which erosion is .taking place 
and sand is being produced. Presently there are a couple of theories that explain this 
occurrence. First the formations may be so unconsolidated that they simply fall apart 
when the pressure in foe well bore used to control the well during Idrilling and 
completing the well is removed. This is referred to as hole or formation collapse. A 
second possibility is that fluid flows along foe path of least resistance. This may be 
on the inside of a screen foat is in place or along foeoutside. As foe flow proceeds 
towards foe beginning of foe open hole section, foe accumulative effects of 
production means foe .velocity is much higher towards foe top section (beginning) of 
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th .op m hole.TWsv ao ci«y(» 0 oum^flow)o m be^c n o^<m««ou«deof 

foe sere*, to transportsand and to erode the forination and sereen. 
,0020] By expanding screen in an open bole horizontal well the annnlns between the 
aadfltofonnatibne^begreatty^orevendhninatod.. Redbctionof the 
^ me ans greates resistance to flow and thereto prodnotion flow is redueed on 
fee eaterior of the screen and increased on Are interior. The redaction in exterior flow 
.neans lower vdodnes near the wefl bore and flwefcre less sand wnsportabffity and 



screen 



less erosion effects. • 

(0021] Expansion can also aid in formation stability by physically supporting the 
formation if me screen is ex^^^^ This support in 

turn could prevent the: collapsing of the formation when the pressure in me well bore 
is reduced- 

- [0022] In cased hole appbeafions filtration assembly A offers the advantage of a large 
inside diameter for remedial work below its installation. Another advantage is that in 
frac packs and gravel packs all that is necessary to do is to place the proppant or sand 
in the perforation tunnels and formation fractures. Annular packs between the screen 
and the casing, which ere often difficult to achieve, are not necessary since expanding 
screen removes this annulus. The filter apparatus A could also be used in conjunction 
with a frac pack or gravel pack and subsequently expanded to back fill any voids in 
the annulus I pack or perforations not filled. 
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We claim: 

1. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal taxis, and a 

plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 

2. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are individually annealed prior 

to being joined together. 

3. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 

degrees F. 

5. The assembly of claim 1, wherein: 

said inside surface of said base pipe is coated to reduce the force 

needed ifbr subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

7. The assembly of claim 6, wherein: 
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said staged expansion occurs in a single direction. 



8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 
9 The assembly of claim 6, wherein: 

dimension. 
10 The assembly of claim 6, wherein: : 

said filtering bye, comprises . weave having weft and w«p wires and 
wherein one of said weft and warp wires is disposed at an angle of 
abo* 1M0 degrees with respect to the longitodinal axis.of said base 

pipe, i 

11. The assembly of claim 10, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

much as about 50% 
J2. The assembly of claim lO.wherein: < 

add at least one Station layer tether comprises a woven drainage 
iayer on said base pipe and a main filtration lay* said drains layer 
protecting said main filtration layer from borrs in openings in said base 
pipe and providing mechanical snpport for said main Station layer. 

13. The assembly of claim 12, farther comprising: 

a fiction enhancement !ayer mended ova smd main Station layer 
and farmer comprising a weavc'said drmnage layer and said filtration 
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enhancement layer are spirally wound to orient wires therein in 
substantial alignment with said wires in said main filHation layer. 



14. The assembly of claim 10, wherein: I 

said openings in said base pipe are round, rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal ,axis, and a 
plurality of openings; 

at leastone filtration layer mounted over said base pipe, 

said inside surface of said base pipe is coated to reduce the force 

neededifor subsequent expansion 

16. The assembly of claim 15, wherein: I 

said coating is made of a plastic material and said openings are round, 

rounded or oval. 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis:of said base 
pipe, i 

19. The assembly of claim 18, wherein: > 
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said layers 



each being annealed to facilitate subsequent expansion 



downhole; 

said filtration layer and said baae layer are swag* together and aaid 
forth* comprises solution annealing at op to abont 1800 

degrees F. 



20. An expandable filter assembly for downhole use, comprtsmg: 

a base pip. having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe; and 
an expander capable of multi-stage expansion of said base pipe and 
said filtration layer. 

21. The assembly of claim 20, wherein: i 

^ j * * arrx tn nhout 30% above its original 
said base pipe is expanded in stages up to about /o *~ 

dimension. 

22. The assembly of claim 20, wherein: i 

said layers each being annealed to facilitate subsequent expansion 

downhole; 

said filtration layer and add baae layer are awaged togemer and said 
father comprises solution annealing at up to about 1800 

degrees F. 

23. The assembly of claim 22, wherein: s 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis .of said base 
pipe* > 

24. An expandable filter assembly for downhole use, comprising: 

' a base, pipe having an inside surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisof said base 
pipe. • 

25. The assembly of claim 24, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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